Abstract. The presence of corticotropin-releasing factor-like material in the intermaxillary glands was studied by immunocytochemical techniques during the metamorphosis of Bufo arenarum. The intermaxillary glands appeared at stage XV (midprometamorphosis) with CRF-like material slightly immunoreactive. These glands are located posterior to the premaxillae and between the nasal capsules in the roof of the mouth and are formed of alveoli or tubules. During metamorphic climax, corticotropin-releasing factor-like material was identified strongly immunostained at the apices of the secretory cells. It was observed that collecting ducts of the gland open to the anterior palatal surface suggesting that the secretion could be ingested by tadpoles. Our results clearly showed that ir-CRF-like material present in the intermaxillary glands is ingested by tadpoles during metamorphosis and could play an important role during amphibian development.
Introduction
In amphibians, the intermaxillary glands are formed of alveoli or tubules between the nasal capsules. It extends nearly to the corner of the mouth and the secretory tubules form a single glandular system secreting fluid from a compact series of opening in the midline of the palatal surface (Duellman & Trueb, 1985) . In anurans, these glands develop during metamorphosis and its secretion makes the tongue sticky and facilitates the catching and swallowing of prey (Jurgens, 1971) .
Corticotropin-releasing factor (CRF) is a 41-amino acid peptide initially isolated from the ovine hypothalamus as a result of its ability to stimulate the secretion of corticotropin (ACTH) by anterior pituitary cells . The presence of mammalian CRF-like immunoreactivity has been observed in hypothalamus of both urodeles and anurans (Olivereau et al., 1984; Fasolo, 1984; Tonon et al., 1986; Gonzalez & Lederis, 1988; Carr & Norris, 1990; Miranda & Dezi, 1997) . In the last few years, it has been demonstrated that CRF (Denver, 1988; 1993; Denver & Licht, 1989; Jacobs & Kühn, 1989; Malagón et al., 1991; Gancedo et al., 1992; Miranda et al., 1999) and CRF-like peptide sauvagine (SV) (Denver 1993; accelerate amphibian metamorphosis stimulating thyroid axis.
Besides the localization and activity of CRF in the central nervous system, a CRF was also known to occur in mammalian peripheral tissues (Hashimoto et al., 1984; Bruhm et al., 1987; Rundle et al., 1988; Audhya et al., 1989) . In amphibians, the only evidence of a tissue CRFlike peptides is the occurrence of SV in the skin of phyllomedusine frogs (Montecucci et al., 1979; 1980; Thomas et al., 1990) and in the interrenal gland of Rana catesbeiana (Gonzalez et al., 1996) .
The immunocytochemical study presented here shows the first appearance and subsequent accumulation of CRFlike material in developing intermaxillary glands of Bufo arenarum.
Materials and methods

Animals
Fertile eggs were obtained from female Bufo arenarum specimens captured near Chascomús city, induced to ovulate by injection of homologous hypophysis. The eggs were fertilized in vitro with spermatozoa of the same species. After hatching, larvae were kept in 2-1 aquaria containing dechlorinated water and were maintained at a constant temperature (18±2°C) and photoperiod (12L:12D) until the end of metamorphosis. Tadpoles were fed with boiled lettuce, and tap water was renewed once a week.
Immunocytochemistry
The immunocytochemical study was carried out in tadpoles at stage IV (midpremetamorphosis), stage VIII (the end of premetamorphosis), stage XII (midprometamorphosis), stage XV (the end of prometamorphosis), stage XVII-XVIII (midclimax), stage XX (the end of climax), staged according to Martin et al.'s (1985) table. These stages correspond to Gosner (1960) stages 29, 34, 39, 41, 43 and 46. The animals were sacrificed by immersion in MS-222 (Sandoz, Bs. As., Argentina) anaesthesia; and their heads were fixed in Bouin's fluid and embedded in paraffin. For immunocytochemical studies, avidin-biotin peroxidase complex (ABC) method was employed as described previously (Miranda et al., 1995; using a commercial kit (Vector, Burlingame, USA). Sagittal serial sections (6 µm) were incubated at 4°C for 16 h with the primary antibody: rabbit anti-xenopus CRF (anti-xCRF), kindly supplied by Dr Robert Denver (Michigan University, USA) at a dilution 1:400. The final reaction product was visualized with 0.1% 3,3′-diaminobenzidine tetrahydrochloride in Tris buffer (0.05 M, pH 7.6) containing 0.02% H 2 O 2 . Finally, sections were dehydrated, coverslipped and counterstained with hematoxylin for 10 seconds. Two kinds of controls of the specificity of the primary antibodies were done: (1) The primary antibody was omitted and replaced by PBS; (2) The primary antibody was previously preabsorbed with xenopus CRF (xCRF), supplied by Dr Robert Denver (Michigan University, USA) at a dilution of 15 µg of the hormone to 1 ml of the antiserum.
To confirm immunocytochemical results, a dot blot analysis was performed. One hundred intermaxillary glands of B. arenarum tadpoles at climax stages were homogenized in 0.01 M Tris-HCI buffer, pH 7.4, containing 0.27 M sucrose, 0.5 mM phenylmethylsulfonyl fluoride, and 5 mM EDTA. The homogenate was centrifuged at 15 000 g for 15 min. Aliquots of the supernatant were applied to nitrocellulose sheet. The sheet was immunostained by the avidin-biotin-method using rabbit anti-xCRF at a dilution of 1:400 as it was described above. As negative control antixCRF previously preabsorbed with xCRF (15 µg of the hormone to 1 ml of the antiserum). All controls did not show immunoreaction.
Results
The intermaxillary glands are known to develop during the metamorphic period (Duellman & Trueb, 1985) . In fact, no gland is found in tadpoles at early stages. In B. arenarum the intermaxillary glands appeared at stage XV (midprometamorphosis) with CRF-like material slightly immunoreactive (Fig 1a) . The intermaxillary glands in B. arenarum are located posterior to the premaxillae and between the nasal capsules in the roof of the mouth and are formed of alveoli or tubules (Fig. 1a, b) . During climax metamorphic, CRF-material was identified strongly immunostained at the apices of the secretory cells (Fig. 1c,  d ). It was observed that collecting ducts of the gland open to the anterior palatal surface suggesting that the secretion could be ingested by tadpoles (Fig. 1e, f) .
The dot blot analysis confirmed the presence of CRF material in the intermaxilary glands. A strong immunoreaction was observed where the homogenate was applied to nitrocellulose sheet (Fig. 2) .
Discussion
The presence of mammalian CRF-like immunoreactivity has been identified in hypothalamus of both urodeles and anurans (Olivereau et al., 1984; Fasolo, 1984; Tonon et al., 1986; Gonzalez & Lederis, 1988) . In larvae of Rana catesbeiana (Carr & Norris, 1990) and B. arenarum (Miranda & Dezi, 1997) it was observed that CRF-like material in the median eminence increased during prometamorphosis, and became most dense at metamorphic climax, indicating that the CRF-like neuronal system develops just before the elevation of corticoid and thyroids hormones.
In anurans, the only evidence of an extra-brain CRF-like peptide is the occurence of SV in the skin of phyllomedusine frogs (Montecucci et al., 1979; 1980; Thomas et al., 1990) and in the interrenal gland of Rana catesbeiana (Gonzalez et al., 1996) . Our results in B. arenarum showed for the first time the presence of ir-CRF-like material in the intermaxillary glands of anuran species.
It was observed that, in amphibians, CRF stimulates the release of ACTH by dispersed pituitary cells (Cuet et al., 1984) and pars distalis in vitro (Tonon et al., 1986) . Recent reports suggest a potential role for CRF in regulating thyrotropin (TSH) release in amphibians (Denver, 1988; Denver & Licht, 1989; Malagón et al., 1991; Miranda et al., 1999) . Moreover, central oCRF injections not only stimulated thyroid glands activity, but also inhibited food intake and growth in Rana perezi tadpoles (Gancedo et al., 1992) . Wassersug (1986) hypothesized the existence of metamorphic inhibitory agent, produced by larval buccopharyngeal mucous glands, which could indirectly link food ingestion to the endocrine control of metamorphosis. The model supposes that tadpoles secrete a metamorphic inhibitor in their oral mucus, which they then ingest with their food, with the result that metamorphosis is delayed when food is abundant. An epidermal growth factor (EGF)-like peptide identified in the buccopharyngeal mucous glands of Xenopus laevis tadpoles by Lee et al. (1993) has been suggested as a metamorphic inhibitor. However, an experiment to test the hypothesis that orally ingested EGF inhibits metamorphosis yielded inconclusive results (Wassersug, 1997) .
In contrast to Wassersug's (1986) model, our results demonstrated the existence of a neuropeptide (CRF) in the intermaxillary glands able to stimulate B. arenarum metamorphosis (Miranda et al., 1999) . The alimentary tract could serve as a pathway for both the transport and internalization of the CRF produced in these glands regulating the acceleration of metamorphosis. More research is necessary in order to study the relation of CRF-like peptide produced in the intermaxillary glands and the metamorphisis of B. arenarum. It remains to be shown that CRF or a homologue has a direct effect on the acceleration of anuran metamorphosis when administered via an orogastric route.
